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METHOD OF PRODUCING AMORPHOUS SILICA

. OF CON-TROLLEDOIL ABSORPTION

CROSS-REFERENCE TO RELATED
- - APPLICATIONS ~

“This is 2 contlnuatlon n-part of application Ser. No.
74,226 filed Sept. 10, 1979 entitled SYNTHETIC SIL-
ICA AND USES THEREOF which is a continuation
of apphcatlon Ser No. 869 347 ﬁled Jan 13, 1978 both

now abandoned

BACKGROUND OF THE INVENTION

ThIS 1nvent10n relates to a synthetlc sﬂlca of con-

trolled oil absorptlon and a method for its preparatlon
This silica is useful as a polishing agent in dentifrices, as
a ﬂattmg plgment 111 pamts and as an absorbent for

polyol punﬁcatlon IR
' ~ SILICAS

Commercrally avallable synthetlc sﬂlcas are derived
either by a liquid process or a vapor process. Products
obtalned by the ‘vapor process are called fumed or pyro-
genic silicas. Products obtained by the llquld process
are either silica gels or prec1p1tated silicas (silicon diox-

ides). Thus, there. are three distinct types of synthetic
silicas on the market 1 o

1. PYROGENIC SILICAS

~ gas at high temperatures These products have hlgh
external surface areas. : . |

| 2 SILICA GELS |
Slllca gels are of two types-—-hydrogels and aerogels
-Hydrogels are prepared by reacting a soluble silicate,
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silicate having a silica/sodium oxide ratio of from 1.6 to
3.75, containing only 10 to 25% by weight of water.

In U.S. Pat. No. 3,838,192, a sodium polysilicate 1S
produced by hydrothermal treatment of a dispersion of
silica and sodium hydroxide. After the silicate 1s partly
polymerized, the reaction mixture is spray dried, milled
and further processed

SILICAS IN DENTIFRICES

An acceptable d_entlfrlce removes frorn the teeth
stains of various types, food debris, dental plaque, mi-
croorganisms and incompletely calcified supragingival
calculus. It also dislodges collections of food debris and
accumulations of microorganisms from the interproxi-
mal spaces between teeth. An abrasive polishing agent

is usually included in the dentifrice to accomplish these

results. However, the polishing agent must not cause
too much abrasion of the enamel surface of the teeth,
and it certainly must not scratch or otherwise damage
the tooth when used in normal fashion.

' The abrasiveness of the dentifrice has most recently

 been determined by the so-called RDA method of Gra-
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Pyrogenic or fumed silicas are prepared by reacting

silicon tetrachloride vapor with oxygen and hydrogen

- such as sodlurn silicate, with strong sulfurlc acid. The

gel 1s Washed salt-free, dried, steam micronized, and

 then classified. Aerogels are prepared from crude hy-

'_drogels by dlsplacmg its water content with an alcohol.

benstetter et al, in their paper “The Measurement of the
Abrasion’ of Human Teeth by Dentifrice Abrasion: A
Test Utilizing -Radioactive Teeth,” J. Dent. Res.
37:1060-1068, 1958. This method utilizes freshly ex-
tracted human teeth, which are irradiated, producing
the radio nuclide p32, a high energy Beta emitter with a
half life of 14.3 days. This irradiated tooth is brushed
with a mechanical toothbrush, across the dentin. Using
a mica end-window Geiger-Muller counter for which

- the background estimated activity of a dried p>2 source

is 10—4 microcuries, it is possible to determine 10—7 gof

- - worn dentin in the abrasive slurry.
35

Typical polishing agents now used in dental creams

are silica xerogels; silica-alumina xerogels; silica-

“magnesia xerogels; precipitated-silicas; sodium alumino
silicates and other alkali and alkalme earth metal

alumino- silicates.
Amorphous silica 1s very suitable as a pohshmg agent

~in all dentifrices, including visually clear dentifrices. It
- finds use in clear dentifrices because its refractive index

The alcohol 1S then recovered by heatmg the gel in an

o autoclave

Aerogels are hghter and ﬂufﬁer than hydrogels be-
cause the shrmkage of the gel structure is avoided dur-
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ing the drying. process Gels . have .very large surface

- areas, generally in the. range of 300—-—1 OOO sq m/g and
- -hlgh porosrtles | o 3

3 PRECIPITATED SILICAS

Prec:pltated silicas are - produced by the destab1hza— |

tion and precipitation of the silica from soluble sodium
~ silicates by the addition of a mineral acid such as sulfu-
ric acid or an acidic gas such as carbon dioxide.

can be easily adjusted to be the same as the refractive
indices of humectants used to increase the water affinity

of dentifrices. The production of amorphous silica re-

“sults in a wide. dlStl‘lbutIOIl of particle size, shape and '
structure, however, it is sometimes difficult to produce
“an amorphous silica with the optimum combination of

~ high cleaning ability and low RDA.
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‘When the acid or acidic gas is added to the sodium -
sili'oate,' the silica starts precipitating. The acid or acidic
- gas is added until the sodium oxide of the sodium sili~
~cate in the silica is: less than about one percent by

weight. The acid or acidic gas is added to the sodium

silicate to neutralize the alkali portion bound to the

- -silicate anion. The:reaction slurry is then filtered and

- washed free of reaction by-product, which is the so- -
__ ‘dium salt of the'acid. The filter cake is dried and mllled' |
| 'to obtain-a silica of desn'ed degree of fineness. -

U.S. Pat Nos. 3,939,262 and 4,007,260, which issued
~up its smooth outline. In pigmented finishes, this is usu-

toKeun'Y. Kim, discuss sﬂlcas prepared by exchanging

hydrogen for the sodium ion of a particulate sodium
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U.S. Pat. Nos. 3,939,262 and 4,007,260 discuss a
method of reducmg the needed humectant concentra-
tions in dentifrice compounds by producing a synthetic
amorphous silica having a refractive index lower than
that of the humectants. The refractive index of this
amorphous silica is in the range of 1.410 to 1.440. U.S.

 Pat. No. 3,939, 262 refers to a translucent dental cream

and U.S. Pat. No. 4 007,260 refers to an opaque denti-

frice composition. These silicas are prepared by ex-

changing hydrogen for the sodium ion of a particulate
sodium silicate having a silica/sodium oxide ratio of

from 1.6 to 3.75, and containing only 10 to 25% by
| werght 'of water. The RDA of these denttfrlces 1S 575

SILICAS AS FLATTING PIGMENTS

A surface that is suffic1ent1y smooth will be glossy.
To reduce gloss, one must roughen the surface to break

ally done by increasing the number of pigment particles
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present in the paint and hence at the surface of the paint.
The protruding particles break up the smooth outline.
In varnishes or clear wood finishes, reduction in gloss 1S
usually obtained with additives.

Either a few percent of fine particle silica is used, or 3
else an insoluble wax is dispersed in the finish and floats
to the surface during drying. The silica, being an exten-

der, is of course transparent when wetted by the finish.
Its controlled oil absorption makes a small percentage

as effective as a much larger quantlty of ordinary pig-
ment.

SILICAS AS POLYOL ADSORBENTS

Potassium is a catalyst used in the manufacture of
polyols which are used in the manufacture of polyure-
thane. When the polyol is manufactured, it will be
found to contain residual potassium ions. These potas-
sium ions need to be removed before the polyol is used
to make flexible polyurethane. Therefore, the polyol 50
manufacturer needs an adsorbent to remove the residual
catalyst if he is to guarantee the quality of his polyol.

The characteristics of an adsorbent of this type
should be such that it will filter well, have a reasonable
absorption capacity, and not leach any impurities into 55
the polyol. The silica of the present invention has these
characteristics.

SUMMARY OF THE INVENTION

An object of this invention is to provide a dentifrice 30
composition with low RDA.

Another object of this invention is to provide a ﬂat-
ting pigment with low gloss. -
- A further object of this invention is to provide an
improved adsorbent for polyol purification. 35

Other objects and a fuller understanding of the inven-

tion may be had by referring to the followmg descrlp- |
tion and claims. -

The present invention achieves its objectives by
forming a synthetic amorphous sﬂlca in a four step 40
process.

In the first step, an aqueous dispersion including
finely divided silica and a sodium hydroxide is subjected
to hydrothermal treatment at a temperature and for a
period of time sufficient to react the silica and the so-
dium hydroxide to form a mixture containing partly
polymerized silicate. The temperature of the hydrother-
mal treatment is in the range of about 138 to 210 degrees
Celsius; is preferably from about 154 to 177 degrees
Celsius; and is more preferably about 157 degrees Cel-
sius. The length of the hydrothermal treatment is from
about 2.5 to 4.5 hours; and is preferably about 3 hours.
The dispersion of silica and hydroxide has a silica/-
sodium oxide weight ratio of at least 1.8:1; preferably
from 2.2:1 to 2.6:1; most preferably about 2.4:1. |

In the second step, the reaction mixture is spray dried
to form minute hollow spheres of sodium polysilicate
having a bulk density of from 0.126 to 0.416 g/cc. The
temperature at which the polysilicate is spray dried is at ¢
least 204 degrees Celsius; is preferably from about.204
to 338 degrees Celsius; and is most preferably at about
316 degrees Celsius.

In the third step, the polysilicate is reacted with a 5 to
15% sulfuric acid solution to form a synthetic amor- 65
phous silica, preferably a 11.4% sulfuric acid solution.

In the fourth step, the synthetlc silica is filtered,
washed and dried. | -
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Optionally, a fifth step can be added wherein the

~dried silica 1s milled and air classified to preferred parti-

cle size for certain applications as described herein.
The silica 15 useful as a polishing agent in dentifrice
compositions when the above dried silica is milled and
air classified so that 100% of the particles are less than
about 44 microns. This silica has an oil absorption of

greater than about 60 cc/100 g and a BET surface area
of between about 40 and 420 sq m/g. A dentifrice con-

taining this silica as a polishing agent has an RDA of
less than 500. A typical dentifrice composition would
contain from 10 to 50% silica in a solid phase and a
liquid phase containing water and a polyhydric alcohol
humectant. The humectant is sorbitol, glycerin or mix-
tures thereof. Fluoride is present in the dentifrice.

This silica is useful as a flatting plgment having a 60
degree gloss of less than 8 when the above dried silica is
milled and air classified so that 100% of the particles are
less than 10 microns. The silica has an average particle
size of from about 2 to 5 microns, an oil absorption of
greater than 60 cc/100 g and a BET surface area of
between 40 and 420 sq m/g.

ThIS silica is useful as an absorbent for polyol purifi-
catlon, in its unmilled form, having a BET surface area
greater than 60 sq m/g, an oil absorption of 'between 60

- and 140 cc/100 g, and at least 70% of the silica is larger

than 44 microns. This adsorbent has up to 5% of a metal

cation adduct of either alumlnum, magnesium, zinc or
calcium.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

- In its broadest aspect, the present invention is based
on the discovery that synthetic silicas can be produced
by first hydrothermally reacting an aqueous suspension
of finely divided silica and an sodium hydroxide to form
a reaction mixture of partly polymerized sodium sili-
cate; then spray during the resulting reaction mixture to
form minute hollow spheres of sodium polysilicate hav-
ing a low bulk density; reacting the spray dried polysili-
cate with sulfuric acid solution to form a synthetic sil-
ica; and then filtering, washing and drying the silica.
In accordance with the present invention, an aqueous
dispersion of finely divided silica and sodium hydroxide
are subjected to' hydrothermal treatment at a tempera-
ture and for a period of time sufficient to transform the
reactants into sodium silicates that are at least partially
polymerized and which contains polysilicate ions in'a
polymerized, irreversible state. | |
As used herein, the term finely-dlwded stlica refers to
a finely divided powder containing at least 99% silica
and having a particle size such that at least 95% of the
particles are no larger than 75 microns. Silica powders,
reterred to in the art as “silica ﬂour” or its equivalent,
are suitable, | | -
The hydrothermal treatment of the aqueouS'diSper-
sion of finely divided silica and sodium hydroxide is

‘effected in a closed vessel at temperatures above the

boiling point of the aqueous suspension being treated

and under the elevated pressures obtained at such tem-

peratures. Any suitable pressurized equipment may be
employed if provided with means for maintaining the
aqueous mixture under high agitation and if provided
with means (e.g., a steam jacket) for maintaining the
dispersion at the desired temperatures and pressures.
In this regard, the hydrothermal treatment of the

silica and sodium hydroxide dispersion -is conducted at

temperatures in the range of from about 138 to 210
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5,
degrees Celsius and corresponding pressure of about 3.6
to 21.4 kg/sq cm. A preferred temperature range is from
154 to 177 degrees Celsius and mest preferably 1s 157
degrees Celsius.

The reaction time 1s a function of -the temperature
employed. The reaction time must be sufficient to allow
the silica and hydroxide to react to form a partly poly-
merized silicate. Reaction periods on the order of about
2.5 to 4.5 hours are required for the above identified
temperature ranges. Higher temperatures result in re-
duced reaction times, but regardiess of the temperature,
the reaction time must be sufficieni to achieve partial
polymerization. A preferred reaction time is about 3
hours. | | |

Sodium silicates having a silica to sodium oxide
weight ratio on the order of about 1.5:1 are in simple
ionic form. As indicated, the first step is directed to a
process for making a sodium polysilicate that is at least

partially polymerized. Therefore, the concentration of

the reactions must be such that the silica/sodium oxide
weight ratio of the product is at least 1.8:1. It has been
discovered that products having silica/sodium oxide
weight ratios of from about 2.2:1 to 2.6:1, preferably
2.4:1, are particularly advantageous. Thus, the inifial
composition of the reactants (on a dry basis) is from
about 69 to 72 percent by weight silica and from about

31 to 28 percent by weight sodium oxide.
The reaction mixiure must be fluid. However, very
dilute reaction mixtures case a substantial decrease in
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out difficulty. The silica thus separated does not contain
much water and, therefore, requires less drying. The
amorphous silica formed 1s drled in any conventional
dryer. |

In an optional step, the dried silica is milled and air
classified to achieve a particular particle size distribu-
tion, the particle size distribution determining the area
of usefulness of the silica as described herein.

In the most preferred embodiment, sodium hydroxide
in the form of a concentrated solution containing about

50% NaOH 1s charged to an agitated reaction vessel.

Thereafter finely divided silica, which is introduced as
an agueous slurry, is charged to the reaction vessel. The
dispersion of silica and sodium hydroxide has an silica/-
sodium oxide weight ratio of about 2.4:1. The agueous
dispersion i1s kept under constant agitation during the
charging as well as during the reaction period. The
concentrated caustic solution is preferably preheated to
a reaction temperature of 157 degrees Celsius prior to
the introduction of the silica slurry. If the caustic solu-

- tion 1s not preheated, the aqueous solution containing
- the silica and hydroxide 1s initially heated to the reac-

25

the rate of reaction. Preferably, the weight percent of 30

water, based on the total welgh't of the reactmn mlxture
-1s from about 20 to 60%. | '

In the second step, the reaction mixture 1S s;aray drled‘

to form minuie hoilow spheres of polysilicate having a
bulk deunsity of from 0.128 to 0.416 g/cc. The tempera-
ture at which the polysﬂmate is spray dried is at least
1204 degrees Celsius, is preferably from 204 to 538 de-

grees Celsius, and is most prefer&biy at about 316 de—' :

grees Celsius.

In the third step, the polysmcete is reacted 'w1th a
- sulfuric acid soiution to form 2 synthetic amorphous
silica. The concentration of the sulfuric acid solution
may vary from 5 to 15%, but it must be sufficient so that
essentially all the sodium ions in the sodm*n sﬂmate are
- exchanged for hydmgen 10nS.

tion temperature. The agueous dispersion 1s subjected to
hydrothermal treatment at the reaction temperature for
about 3 hours to react the silica and sodium nydroxide
to form a reaction mixtmle of partly polyn1er17ed SO-

dium silicate.
‘At the end of the reaction period, the reaction vessel

is vented and the mixture is passed by gravity, into a

dmp tank which contains dilution water at approxi-

N mately ambient temperatures. In this manner, the tem-

35

perature of the reaction mixture is ccoled quickly and
efﬁcxently and the weight ratio of the reaction product
to water is adjusted to the concentration required for
the spray drying of the product.

~ The aqueous mixture in the drop Itank is passed
~ through a clarification filter to remove small quantities

of insolubles, such as sand, unreacted silica and the like.
The clarified aqueous mixture may then be passed into

- a hold or storage tank or fed dlrectly into the upper

45

The amount of sulfuric aeld qoiutlon used must be

large enough relative to the amount of sodium silicate to

insure that essentially all sodium ions in the solid phase

are replaced by hydrogen ions. The_ use of large
amounts of sulfuric. acid solution is of no particular
advantage and 1s avoided for reasons of economy. A

50

convenient method for eontmllmg the ratio of acid to -
silicate is by pH measurement in the reactor. The opti-

mum final pH is from about 2 to about 7.-
Adequate reaction time must be promded to allew
the exchange of hydrogen ions for sodium ions to go

substantially to completion. Completion of the reaction

can be recognized by observing the cessation of reac-
‘tion mixture pH drift. A preferred reaction time is about
1 hour. This reaction may be carried out at any conve-

55

pertlon of a spray dryer.

The aqueous mixture is introduced into the upper
portmn of the generally upright, cylindrical chamber of
the spray dryer and passes through a spray nozzle. The
latter causes the aqueous mixture o be finely and evenly

~ dispersed within the chamber and in direct contact with

a mass of upwardly directed hot air. Suitable control
valves may be provided for regulating the rate of feed
of the reaction mixture, as well as that of upwardlly
directed air. The spray drying 1s effected at about 316
degrees Celsius. In a preferred range of spray drying,
inlet air temperatures are on the order of from about 204
to 538 degrees Celsius, In this manner, the “flashing off”
of the water in the spray dryer is effected rapidly with
the resultant spray dried dropleis being in the form of

- hollow microspheres of sodium polysilicate having a

~ bulk density of from 0.128 to 0.416 g/cc.

60

 nient temperature, for example, fmm .ca.bout 15 to about

80 degrees Celsius.

In the fourth step' the sﬁwa 1S filtered weshed and

dried. Because of the granular nature of the starting

- sodium silicate particles, and because these particles-do

not appreciably disintegrate during ion exchange, the

The sodium polysilicate is then reacted with an
11.4% solution of sulfuric acid solution for sufficient
time to replace the sodium tons in the particulate so-

dium polysilicate with hydrogen ions. The concentra-
tion is preferably on the order of 11.4% but other con-

~ centrations can be used. The reaction is continued until

65

amorphous silica thus formed can be readily separated
from the mother liquor using a filter and washed with-

all of the sodium ions have been replaced. Once the
synthetic amorphous silica is produced, it is filtered,
washed and dried, and sized as desired for the applica-'
thIlS or uses described herein. B
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The invention will be further illustrated by the fol-
lowing examples which set forth particularly advanta-
geous method and composition embodiments. While the
examples are provided to illustrate the present inven-
tion, they are not intended to limit 1t thereto.

PREPARATION OF SODIUM POLYSILICATE
| EXAMPLE A

A hollow, spherical sodium polysilicate was prepared
by the following process. 4,024 kg of a 50% NaOH
solution was charged to a stainless steel autoclave pro-
vided with means for continuously agitating the solu-
tion. A silica slurry, prepared by dispersing 4,204 kg of
silica flour into 2,292 kg of water, was then charged to
the reactor. The autoclave was sealed and the tempera-
ture of the agueous mixture was preheated (by the intro-
duction of steam into an exterior steam jacket) to 157
degrees Celsius over a one-hour period producing a
pressure of 8.1 kg/sq cm. The reaction mixture was
thereafter maintained at this temperature for 3 hours.
Continuous agitation was maintained throughout the
heat-up and reaction period. At the end of the three-
hour reaction cycle, the steam was shut off and the
autoclave partially vented .to reduce the pressure to
about 5.3 kg/sq cm. The vent was then fully opened and
the reaction mixture fed by gravity into a drop tank
positioned beneath the autoclave and containing 6,869
kg of water at 25 degrees Celsius. The mixture in the
drop tank was pumped through a classification filter
and introduced into the upper portion of a spray dryer.

The aqueous mixture was fed into the spray dryer at

10
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a rate of 9,571 kg per hour, the concentration of the

mixture comprising 0.48 kg of sodium polysilicate per
liter. The speed of the spray nozzle was about 11,000
- rpm. The spray dryer inlet and outlet air temperatures

were 316 and 93 degrees Celsius, respectively. The

spray dried product was collected and withdrawn from
the base of the spray dryer by a screw conveyor. 5,661
kg of sodium polysilicate, having a silica/sodium oxide
weight ratio of 2.4:1 and a density of 0.128 g/cc was
recovered from the spray dryer. The fact that the prod-
uct produced in this example was partially polymerized
was established by conductivity tests as determined by

the Harman technique, set forth in R. W. Harman, Jour-
nal of Physical Chemistry 32, 44-60 (1928).

EXAMPLE B

The procedure of Example A was repeated except
- that the temperatures and pressures of the hydrothermal

‘reaction were varied in a series of examples as shown by
the following table. |

TABLE |
Temper- | Reaction

ature Pressure time

Run No. (Celsius) Kg/sq cm (min.)
1 127 4.5 270

2 138 5.5 240

3 160 8.3 180

4 177 11.5 175

5 193 15.8 160

6 210 2.4 150

The products obtained in these runs were the same as
that obtained in Example A. From the Table, it may be
seen that an increase in the temperature and pressure
increases the rate of the hydrothermal synthesis.

Further, it was noted that hydrothermal reactions
conducted at temperatures below 127 degrees Celsius

35
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produced. little polysilicate transformation even for
reaction periods on the order of 10 hours or longer.

EXAMPLE C

In a series of tests, the procedures of Example A were
repeated except that the guantities of reactants in the
hydrothermal treatment were varied as indicated.

TABLE II

Product

Reactants, wt. percent stlica/sodium oxide

Run No.

silica Na OH water wt. ratio obtained
1 39.0 21.6 39.4 2.3
2 42.5 17.7 390.8 2.5
3 43.4 16.6 40.0 2.6
4 43.8 16.2 40.0 2.7

PREPARATION OF SILICAS

Example I

8348 g of the sodium polysilicate of Example A was
added to 3000 ml of 11.4% sulfuric acid in 55 minutes.
The reaction slurry (pH of 2.0) was filtered in a Buch-
ner filter. The wet cake was washed with tap water and

dried at 150 degrees Celsius. Pertinent data is set forth
in Table III.

Example 11

The procedure of Example I were repeated except
that: (1) the density of the sodium polysilicate was 0.348
g/cc; (2) 1077 g of sodium polysilicate was added to the
acid solution in 50 minutes; and (3) the final pH of the

reaction slurry was 4.7. Pertinent data is set forth in
Table III. |

Example 111

The procedures of Example I were repeated except
that 485 g of sodium polysilicate was added to 3000 ml
of 5.7% sulfuric acid in 50 minutes, and the final pH was
J.3. Results of the experiment are listed in Table III.

Example IV

‘The procedures of Example I were repeated except

- that: (1) the density of the sodium polysilicate was 0.416

g/cc; (2) 1045 g of sodium polysilicate was added to the
acid solution in 40 minutes; and (3) the final pH of the
reaction slurry was 4.0. Results of the experiment are
listed in Table III.

Example V

The procedures of Example 1 were repeated except
that: (1) the density of the sodium polysilicate was about
0.416 g/cc; (2) 525 g of sodium polysilicate was added
to 3000 ml of 5.7% sulfuric acid in 50 minutes; and (3)
the final pH of the reaction slurry was 6.0. Results of the
experiment are listed in Table III.

TABLE 111
UNMILLED SILICA
EXAMPLE

I IT [y IV \%
Sulfuric Acid, % 11.4 11.4 5.7 11.4 5.7
Density, g/cc 0.128 0.348 0.128 0.416 0.416
Final pH, reaction 2.0 4.7 5.3 4.0 6.0
Reaction time, min. 55.0 50.0 50.0 40.0 50.0
%6 Wet Cake Moisture 74.0 73.5 82.5 70.5 30.0
BET Surface Area,
sq m/g 25.0 92.0 55.0 436.0 281.0

Oil Absorption,
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 TABLE IlI-continued

- UNMILLED SILICA
| EXAMPLE
111

120.0

Y,
73.0

AY
68.0

| G ¢
oo/IOOg 59.0 - 42.0
From these examples, it rnay be seen that the surface

area and oil absorption can be controlled by varying the
sodlurn polysrhcate density ] In the reaotlon

Examples VI-X

“In Examples VI through X, the silica of Examples I

through V- respeetwely, was milled and air classified.
The resulting produot properties are listed in Table IV 15
showing changes in the BET surface area and oil ab-

sorptlon

10

TABLE IV

MILLED SILICA
'EXAMPLE
VI |

760 405.0

20

b ]

IX . X
324.0

VI
45.0

VI

BET: “.Snrfneer Area, sq m/g 111.5
Qil Absorpt:on, AU

cc/IOOg | 730 650 1560 790 780

23

DENTIFRICE COMPOSITION |

When the synthetlc srhca of the present 1nventlon is
milled and air classified so that 100% of the particles are
less than 44 microns, the silica 1S. useful as a polishing
agent In. dentlfrloe oomposrtlons This silica has an oil
absorptron of greater .than 60 cc/ 100 g and a BET sur-
face area of between 40 and 420 sq m/ g. Such a denti--
frice composition is loaded with silica in the solid phase 35
of loading levels of 10 to 50% by welght ‘The liquid
- phase of the compound comprises basrcally water and a
. polyhydric alcohol humectant to increase the water
~ affinity of the dentlfrloe The polyhydrlo humectant is
either glycerlne, _sorbltol or a mixture thereof. o
- 'Other ingredients in the 11qu1d phase can. be small
- amotnts of ﬂavorlngs, sweetenrng agents and sudsmg
| .agents R - '_
| Examples of sultable ﬂavorlngs are 011 of winter-
g green, oil of peppermlnt oil of spearmint, oll of sassafras |
.and oil of anise. . . o
Examples of sweetenlng agents are saceharln dex—'
-trose levulose and sodium cyclamate.. :
- Examples of suitable sudsing agents are water-soluble
- alkyl and alkyl ether sulfates and sulfonates having alkyl
- groups of from 8 to 18 carbon atoms; water soluble salts

30

- of sulfonates; nlonoglycendes of fatty acids having from

" 10to 18 carbon atoms; water-insoluble salts of sulfated
fatty alcohols having from 10 to 18 carbon atoms; salts -
of fatty acid amides of taurines; salts of fatty acid esters
of isethionic acid; and salts of substantially saturated
- aliphatic acyl arnldes of saturated aliphatic monoamino-
carboxylic acids having from 2 to 6 carbon atoms in
- which the acyl radical contains from ‘12 to 16 carbon
~ atoms, such as sodium N-lauryl sarcoside. These suds-
- ing agents are generally used in an amount of from 0.5
to 5.0% by werght based on the we1ght of the dentrfrrce. -
composition. . -

Fluoride lo'ns'are present in the Ilqurd phase The —
65

?'ﬂuorlde ions can be supplied by an innocuous water-sol-
uble fluoride compound which is capable of providing

at least 100 ppm of fluoride ions on contact with water.
The term fluoride 1 ion includes F - and complex fluorrde. |

55

60.

ions such as PO3F—. The term ‘‘innocuous” means a

compound which is not undesirably toxic, highly col-
ored, or otherwise objectionable for use in a dentifrice.

‘Suitable innocuous fluoride compounds include many

water-soluble morganic fluoride salts and many com-

- plex water-soluble fluoride containing salts.

In addition to the aforementioned ingredients, it may
also be necessary to add various thickening materials in
order to obtain the proper consistency in certain tooth-
pastes. Examples of such thickening materials are
water-soluble salts of cellulose ethers such as sodium
carboxymethylcellulose and sodium carboxymethyl
hydroxyethyl cellulose. Natural gums such as gum kar-

aya, gum arabic, nnd gum tragacanth also can be used as
thickeners but may tend to cause undesirable odors or

flavors in some formulations. Coloring agents, preserva-

tives, as well as 1rr1descent or pearlesoent flakes may
also be used. |

All of the aforementioned ingredients may be incor-
porated in any order to formulate dentifrice composi-

thIlS

The dentrfrloe will be further illustrated by the fol-
lowing examples which set forth particularly advanta-
geous method and composition embodiments. While the
examples prove to illustrate the present invention they
are not intended to limit it thereto.

Examples XI through XIII show how a dentifrice of
the present invention compares to the dentifrice of Ex-

‘ample II of U.S. Pat. No. 3,939,262 (the only example |

where a spray drred silicate was used to form silica in

| that patent).

o CONTROL
(Prooess of U.S. Pat No 3,939 262)
50 g grams of Spray- .dried HSS (Ph_lladelphla Quartz

' GD Grade) containing 55% silica, 27.5% sodium oxide,

17.5% water, having a bulk density of 0.97 g/cc, and
having a silica/sodium ‘oxide ratio of 2, were slowly
added w1th agrtatlon to a vessel containing 2.5 liters of

- 1.0% aqueous solution of sulfuric acid and reacted over
~ a three hour period at room temperature. Dnrlng_ this
‘reaction the pH was 6.8. The solid was very easily fil-
45
-water for 1 hour. The solid was filtered and dried in a

~ drying oven at 160 degrees Celsius for 36 hours.

tered through a Buchner filter and digested in 1 liter of

 The resulting silica had an average refractive index

-between 1.412 and 1.416 and -contained: silica, 92.0%,

50_ soluble sodium oxide, 0.35%: SQ4, lesser than O. 1%, and

~water 800 degrees Celsius ignition, 6.48%.

‘A dental cream was prepared containing:

Sorbitol - 57%

64.73%
- Glycerol - 5.00% -
- CMC (Carboxymethyl-eellulose)  1.30% anhydrous basis
- Saccharin | 0.20% |
 METHYL PARASEPT (methyl ester -
~ of para-hydroxy-benzoic acid) 0.04%
PROPYL PARASEPT (propyl ester o
of para-hydroxy-benzoic acid) - 0.01% o |
- Amorphous Silica of thrs Example | 26.00% anhydrous basis.
‘Flavor - 1.15%
- 100.00%

The oii'absﬁiorption"of the silica was 33 cc/100 g and

“the RDA of the dentifrice was 575 as reported in U.S.

Pat. No. 3,939,262.
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Example XI

The silica of Example IX was milled and air classified
so that 100% of the particles were smaller than 44 mi-
crons, after which it was incorporated i Ina dental cream
of the following formulation. -

Sorbitol 64.73%

Glycerol 5.00%

CMC 1.40% anhydrous basis
Saccharin 0.20%

METHYL PARASEPT 0.04%

PROPYL PARASEPT 0.01% "
Amorphous silica of this Example 26.00% anhydreus basis -
Sodium lauryl sulfate 1.47% |
Flavor 1.15%

 100.00%

" This dentifrice had an RDA of 415.

Example XII

The silica of Example VI was milled and air cla551ﬁed
so that 100% of the particles were smaller than 44 mi-
crons, then 1t was evaluated for RDA without incorpo-
rating it in the dentifrice matrlx The resultmg RDA
was 441.

Example X1

Example XI was repeated except that the silica of
Example VII was used instead of the silica of Example
IX The resultmg RDA was 80. | -

- Thus, in operation, a dentifrice composition with an
RDA of less than 500 is formed by using as a polishing
agent, a synthetic silica with an oil absorption greater
than 60 cc/100 g and a BET surface area between 40
and 420 sq m/g produced by hydrothermally reacting,
under certain controlled conditions, an aqueous suspen-
sion of finely divided silica and an ‘alkali metal hydrox-
ide to form a partly polymerized silicate; spray drying
the resulting reaction mixture to form spheres of alkali
metal polysﬂleate reaetlng the dried polysilicate with
sulfuric acid to form a synthetic silica; ﬁltermg, washing
and drying the silica; then milling and air classifying the

- silica so that 100% of the partlcles are Iess than 44 mi-
crons. | -~

- FLATTING PIGMENT

When the synthetic silica of the present invention is

- milied and air classified so that 100% of the particles are
less than 10 microns, the average particle size is be-
tween 2 and 5 microns and the silica makes a good
flatting pigment with a 60 degree gloss of less than 8.
The invention will be further illustrated by the.follow-
ing example. While the example proves to illustrate the
present invention, it is not intended to limit it thereto.

Example XIV

~ The silica of Example VI was milled and air ¢lassified
so that 100% of the particles were smaller than 10 mi-
crons, with an average particle size of 5 microns. This
silica was mixed with 350 grams of the nitro-cellulose

lacquer (conforming to Military Specification MIL-L-

10287A-amendment 2, Type I1, of Aug. 27, 1959 issue)
and mixed for 3 minutes using the low speed setting of
the Hamilton-Beach No. 30 mixmaster. The lacquer
containing dispersed silica was tested for Hegman fine-
ness of grind (5.50) and cleanliness of grind. -

The lacquer containing dispersed silica was mixed
with additional lacquer (if needed) to prepare stock

3
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solutions containing 10%, 3.5%, and 1.75% by weight
of vehicle solids. A drawdown of various stock solu-
tions (containing 10%, 3.5% and 1.75% silica in lac-
quer) was made on carrara glass using a No. 34 wire

‘wound coating application rod. Carrara glass draw-

downs were allowed to dry for 45 minutes under dust-
free conditions. Using the above method, drawdowns

were also made from stock solutions eontammg the

silica develc:ped via the prior art processes.

Using the Gardner multl-angle gloss meter, the gloss
and sheen values of the various drawdowns were mea-
sured at 60 and 85 degrees, respectively. The ‘Hegman
grind of the new silica was 6.0, and 60 degree gloss was
7, and 85 degree sheen was 12 when the lacquer con-
tained 10% by weight of synthetlc silica.

Example XV
‘The silica of Example VIII was milled and air classi-

fied so that 100% of the particles were smaller than 10

microns. The average particle size was 2 microns.
Thus, 1n operation, a flatting pigment with a 60 de-
gree gloss of less than 8 is formed using a synthetic silica
having an oil absorption greater than 60 cc/100 g'and a
BET surface area of between 40 and 420 sq m/g pro-
duced by hydrothermally reacting, under certain con-
trolled conditions, an aqueous suspension of finely di-
vided silica and an alkali metal hydroxide to form a
partly polymerized silicate; spray drying the resulting
reaction mixture to form spheres of alkali metal polysili-
cate, reacting the polysilicate with sulfuric acid to form

a synthetic silica, filtering, washing and drying the sil-

ica, then milling and air classifying the silica so that
100% -of the particles are less than 10 microns’ w1th an
average partlele 31ze of from 2 to 5 mlcrons |

~ ABSORBENT FOR POLYOL PURIFICATION

Silicas with a BET surface area greater than 60 sq
m/g, an oil abserptlon of between 60 and 140 cc/100 g;
and at least 70% of the silica particles larger than 44

microns are partreularly useful as adsorbents for polyol

purification.

The characteristics of a good adsorbent for polyol
purification are: (1) it should filter well, (2) it ‘should
have a reasonable adsorption capacity, and (3) it should

not leach any impurities into the polyol.

Silicas which have at least 70% of the partlcles larger

than 44 microns are so coarse as to filter exceptionally

well. | .
SIIlCaS havmg an oil absorptlon of between 60 and 140
cc/ 100 g, have reasonable adsorption capacity.
Silicas, bemg basically pure silica, have no. 1mpur1t1es

to leach into the polyol.
35

. Thus, the silicas descrlbed above are goed adsorbents
for polyol purification. :

These silicas can be made as described by hydrother—

mally reacting, under certain controlled conditions, an

aqueous suspension of finely divided silica and an alkali
metal hydroxide to form a partly polymerized silicate:

spray drying the resulting reaction mixture to form

spheres of sodium polysilicate; reacting the polysilicate
with an acidic solution to form a synthetic silica; and

then filtering, washing and drying the silica. This pro-

cess 1s described in detail in the first part of the descrip-

tion of the preferred embodiments.

When up to 5% of a metal cation adduct, such as
aluminum, magnesium, zinc, or calcium is added to any
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of the adsorbents above, there is a significant improve-
ment in surface area.

Example XVIII

The adsorption capacity of silica adsorbent for the 5
alkaline component (residual catalyst) in polyol was
determined by first preparing a polyol solution contain-

ing 0.3% potassium hydroxide (KOH). The adsorbent

was mixed with the polyol—KOH solution and after a
specitied length of time the polyol was filtered. The
residual concentration of KOH in the filtrate was deter-
mined by atomic absorption (AA) spectroscopy.

In the actual test method a 3-neck flask was used and
fitted with an agitator and thermometer. 200 grams of
crude polyol containing 0.3% KOH was added to the 15
3-neck flask. The polyol solution was heated to 95 de-
grees Celstus and then 2 grams of synthetic silica absor-
bent was added. The absorbent polyol mixture was
heated for 40 minutes and then filtered immediately into
a 7 centimeter diameter Buchner funnel using a No. 1
Whatman filter paper. The filtrate was analyzed for
residual KOH. The following data were obtamed (see
Table V).

10

20

TABLE V
% Residual KOH Silica Adsorption
Silica Adsorbent in Filtrate Capacity mg KOH/g
From Example IV 0.10 200

From Example V 0.08 220

| | | 30
From data in Table V, it is clear that synthetic silicas

of the present invention can be efiiciently used to re-
move traces of alkaline catalyst zmpur;_tms such as KOH
from polyols. | |

While the present invention has beeu described with
reierence to specific embodiments, this application is
intended to cover those various changes and substitu-
tions which may be made by those skilled in the art
without departing from the spirit and scope of the ap-
- pended claims. -

I claim:

35

1. A method of producing 2 synthetic amarphous_ .

silica useful as a polishing agent in a dentifrice compris-
~ inga sohd phase comprxsmg from 10 to 50% by weight

50
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of the dentifrice, of said synthetic amorphous silica and
a liquid phase comprising water and a polyhydric alco-
hol humectant selected from the group consisting of
sorbitol, glycerin and mixtures thereof: wherein fluo-
ride is present in the dentifrice composition and the
dentifrice has an RDA of less than 500 when the silica
has 100% of the particles below 44 microns, an oil ab-
sorption greater than 60 cc/100 g and a BET surface
area between 40 and 420 sq. m/g; as a flatting pigment
In 2 paint coating composition wherein said flatting
pigment has a 60 degree gloss of less than 8 when the
silica has 100% of the particles below 10 microns and
having an average particle size of from 2 to 5 microns,
an oll absorption greater than 60 cc/100 g and a BET
surface area between 40 and 420 sq. m/g; and as an
adsorbent for polyol purification when the silica has at
least 70% of the silica larger than 44 microns, an oil
absorption of from 60 to 140 cc/100 g and a BET sur-
face area greater than 60 sq. m/g when the synthetic’
silica contains up to 5% by weight of a metal cation
adduct selected from the group consisting of aluminum,

 magnesium, zinc and calcium, said method comprising

the steps of:

(a) subjecting an aqueous dispersion including finely
divided silica and a sodium hydroxide to hydro-
thermal treatment at a temperature in the range of
from about 138 to 210 degrees Celsius and for a
period of time of from about 2.5 to 4.5 hours and
sufficient to react the silica and said sodium hy-
droxide to form a reaction mixture of partly poly-

- merized sodium silicate, said agueous dispersion
having a silica to sedlum oxide weight ratio of at
least 1.8:1; |

(b) smay-dry_ng said reaction mixture at a tempera-
ture of at least 204 degrees Celsius to form minute
hollow spheres of sodium polysilicate having a
bulk density of from 0.128 to 0.416 g/cc;

- (c) reacting the polysilicate with a 5 to 15% sulfuric

acid solution to form a Synthetic amorphous silica;
and |
(d) filtering, Washlng and drymg the synthe:tlc amor-

~phous silica. |
- S T
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